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Cineradiography

J. P. Lucero and W. D, Zerwekh
Los Alamos National Laboratory

ABSTMCT

This paper describes a cineradiography system in usc at the LOS Alamos National Laboratory. as reiated to the advantages and
disadvantages over conventional flash x-ray systems.

Traditionally, x-ray imaging techniques in dynamic testing have relied on creating extremely short pulses of radiation to freeze the
motion of the object, and then recording the image on film by means of fluorescent intensifying screens to obtain sufficient image
density on the film. This results in images often !imited only by the resolution of the ti!m-screen combination, which are usually of
reasonable quality.

[n a cineradiography system, two basic differences are evident. First. the radiation source emits continuously for the duration of the
experiment. Second, the film is r:placed by a gated, intensified television camera focused on the fluorescent screeen. The image is frozen
by the short gate time of the carllera, rather than by the shcrt pulse of radiation.

One advantage of the television system is that the camera can be considerably distant from the screen, and if the screen is sacrificial,
mechanical protection requirements are alleviated or eliminated. Another advantage is that several cameras can be focused on the same
screen, allowing multiple images to be made with [he same geometry. 4 third advantage is that the spot size of the radiation source is
small, thus reducing geometrical limitations on resolution.

The disadvantages of this system relate to the use of the television camera to record the image(s). Neither the resolution nor the
contrast of the intensified television camera is as go~d as film. and this limits the quality of the image that can be produced. However,
flash radiographs are otlen of relativr’ poor quality because of the limited amount of radiation available from the source and the
graininess of the high-speed film requi14 so this is oflen not an imporlant difference.

1. INTRODUCTION

For man) years, Los Alamos has been using flash x-ray systems (Fig. I ) to produce radiographic images of dynamic events. In these
systems, a Marx b?nk x-ray generator produces a short pulse of radiation. and images are projected on x-ray film, The pulse is typically
30 ns long, which cffcctlvely freezes the motion of the experiment, Fast films are usai in conjunction with intensifying screens to

produce acccptisblc Images for a large number ofcxpcnments,

‘rhcse systems arc simple to set up and operate, and the images can be produced at a reasonable price. However, these systems impose
several limitations on tile it,lages. LJsualiy only one image can be produced because the radiation source, the Marx bank generator. is
capable of on;y or?cpulse bcfbrc II must be recharged. If multiple images are required, multiple sources must bc used, one for each image,
Even with multiple sources, there ~rc spatial Ilmitions on the images. Because each image is produced by a separate source, the field of
\ Iew changes bctwccn images, complicating analysis and allowing less precision than if it were from the same perspective, To prevent
woshing out IhCIrnagcs from stray radiation, elaborate collimation is required so that each film cassette is exposed by only one source.

Another brssicItmitatlor IS Imposed by the protection required for the tilm cassette, Since many oi the dynamic events to be imaged
arc violent, armor IS rcqulrcd in front ofthc film pack, However, the thickness of armor is constrained to allow x.ray penetration and by
the reduction In contrast caused by additional material to be penetrated, This protection problcm has prevented acquisition of records
for several very vloicnt cvcnls where the film could not he sutTciently ptotectcd,

To alleviate these Iimimtlons, J cinerttdiography system has been developed in which multiple images can lx rrxordcd during an
event (Fig, 2), This system uscs a sourtc that emits radiation for the entire duration of the expcrirncnt, The imngc tbrmcd continuously
on a tlutwwcent screen is slmllar m the mtcs used to intensify flash radiographs, Instantaneous imases arc captured by gatcd, intensified,
solid-state video cameras t-massedon the screen, one image per camera, This allows multiple, asynchronous images to be rccordcd, with
the mlmmum duration ofctsch Image less than 100 ns, The imagm are captured remotely on the cameras, so the fluorescent scrccn need
survive ott Iy until the lost Imugc has been captured, lflt is destroyed afler that time, no data are lost, Thus, no protcctimt IS nccdcd for
the scrccn, as long as It IS plm’cd it fcw ccntimctcrs away from the evcrtt, Little collimation is required hccttu~c all imnges orc formed on
the wmc screen. Hcncc, this syctcrn overcomes most of ths Iimltatiorss Inherent in flash radiography.

Ymme dlsndvttntisgcs to thn sys[cm arc rclnteci tu the usc of tclevlwon as the rccordirtg medium, Th: cnmcra sywcm IS tnorc cotnplcx
than a film pack, rcqutrtng more preparation, The dynamic range ofthc camera sensor IS not as wide as x-ray film, The s.-rccn.to.camcrts
geometry limits the omount of light avallahlc to fotm the Image, m the ctimcra mt+!t compertsatc by having substantial gain. which
inmxhsccs considerable quantum noise m the image, However, Iln$h radiographs are ofien Illatively poor in quality because the
quantity of radintion tsvailahlc from the source is Iimitcd nnd the high speed tilm required is very ~rainv, so the dcfinitiort and cnntrast
arc ollcn not ns difTcl’cnt I s mtgh~ be cxpeclcd.
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Figure 1. Flgurc 2.

Also. the radiation source is more complex. and II rcqulrcs more power then the Marx bank generators used in flash radiography
because the duration of the radiation IS much Iongcr. Again, this oficn IS not an Impommt consmeration, because most of the test sites
have adequate power supplles avallablc,

The equipment used In the Los ,Alamos clncradlograph} s}stcm will be described in three sections: first the x-ray source: [hen the
camera system: and finally, the !luorcsccnt scrccns that con~crt the \-ra}$ Into a vlslble Image.

2.1 N-Ray Source

The source of x-rays used in this system ( Fig, 3) was purchased from Technomed, a subsdiary of Precise Oplics, Inc. [t is a modl!icd,
high-output, rotistlng-anode medical un!l, capable of anode to cathode potentials up to I SO kvp. currents up to 850 m.% and pulse
widths from 3 ms to several seconds.

ROTATOR MOTOR POWER (2 PHASE, 180 Hz)
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Flgurc 3

However, Ihc output IS Itmltcd In IWO ways, The Iirst limit IS a total power output of NJ kW. The second Ilmlt M on anode hcntlng
bmtuse the anode ofthc x-ray tube has a heat capacity of 7,07 X 10’ J. The fht limit is indcpcndcnt O!’PUISCduration; tmw’fore :hc
maximum currcn: avnilahlc dmmtses from 850 mA at 99 kVp to 56(1 mA ~t 150 kVp. Thr second Iimll IS more com~lcx. its It IS n

t’urtctmn not only of potential and current, hut also ofpulscduration and rcpctltion frequcnc) It IS met hy Iimltlnga wngilc pulse 101000
mAs, Ihc product of tube current in milliamperes and iimc in seconds. and by mrm!orina !ubc Iumperaturc. Even III 150 kVp, iI I(M)o
mAs pulse will produce only a small fraction ofthc allowable anode hcatlng. The temperoturc monlmr prcvcnls dttmagc by prohibiting
isdditmtal PUISCSas the heat Ilmil is approached,

The source conwsts ofscvcrnl unlls, The first IS tttc x.ray IUbC and stand, Ihc next is the h!gh-volthge Irnn$lbrmcr, then the control
console/power supply, nnd Iinuily, the nnodc rotator/l nvcrtcr, The x-ray tube, a standard 150 kV I’otatlng.anode unit, I\ mounted on a
ftnnd which contains a bent cxchnngcr to cool the nnodc bctwccn x.ray pulws, The high.voltage Irmt$formcr IS more cornplwatcd than



one In aconven[lonal x-ray unl[ ~cau~ II ~u~[ pravldcoulpu~ rapldlv wllhou~ ~~~rlo~dlng [he power SUppl>, rcgardlcs$(~f[hc ph~sc (II

[he Incoming power, &sIdes ~ro.,rldlng ~onlrol~ [o XL [be rcqulr~d Vol(age, ~urrent and pulsc ~ura[lon, Ihc control c’onsolc/pt)wc!

SUppl~ rcgulalcs volmgc suppllcd 10 lhc high.vo]lagc transformer and provl~es for ,nlerlocks LO ensure ~ha[ power or anode h~at ilnlll~

are nol cxc~dcd, The ~n~e rola[or/lnvcner pro~ ,dcs a I go Hz [v.o-pha~ Supply 10 [he anode rolalor motor. The motor spins lIIC

anode [Oapproxlma[ely lo,s~ mm d~rlng(he ~.ral pulw ~rlo~, [0 spread the hea[gcncra[ed Overa larger Pon]on of[he anode SLIl_t-a CC

This Unl[ also provide, for dYn3ml C bra~, ng, [{1 ~“llcv,a[c [hc posslhlll[} of [u~ breakage when [he ~nodc SIOWS [brough res,)nan L’(

frcquencles,

2,2 Camern .S}s[em

The cameras are (he he~fl of”[hc ,maglng s,s[cm (Fig, ~) ~~ch IS ~ s[~nd~rd charge lnjcc[l~n device (CID) vldco camera 10 which o

~[ed lmagc In[cnslficr has Men fi~rop[lcoll~ ~oupl~d Th~ ~am~r~ USCS ~ ~[Darray configured wl[b 244 plxe]s vcI-IIc~lly by J88 pI.KC[\

horrzonlally, [n fronl of [hls ~mL) sensor ,5 lhc ~l~d ,n[~n,lfi~;, ~onslsllng of a pho[~-a[hode, a r-nlcrochannel pia[e, an OU[p\ll

phosphor, and a fiber opLIc “mlrrlfier” coupler, Thr pho[oca[hodc IS In direc[ con[ac[ WI[b !he fron[ of [he mlcrocbannel pla[c. The
OUlpUl phosphor IS in dlrccl Conlacl ~l[h [he back, ~c[lng as Ihc ~n~e, ~n~ IS co~[cd on [he fron[ Of(he fi~r Op[IC coupler, whtcb I\

bonded [O the (“ID ~nsor area} The ,n[cnslf,er ,npu[ ,s ,n I.ln [el~vlslon ft)rn]a[. and [he OU[pIJI IS In z/3-in formal 10 ma(ch [hc scnsl~r

array The ~onkcrslon ,s don: ~l[h lb~ (:~ r OPIIC c~uplcr, Tbc f-l~rs arc 9 pm In diamc[cr al tllc lnpul and 6 ~m al [he OUIDUI

Thcrcforc. ihc coupler IS rct~rrcd [[) a> a .’mlrlficr ‘. This con~rrslon of forrna[s Incrrases [he syslem rcsolu[lcn and Scnslllvl[y.
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●
● The frame grabber is a six-bit analog-to-digital converter, which digitizes the video from the camera and stores [he Image in mernoo
After the image is stored, it is output conunuously (after reconversion) as a video signal that can be displuyed on a monitor 01
transferred to the image analysis system.

The image analysis system consists of an image capture board in a slot in the PC, and software that allows the PC”to perform a numhcl
of metric and enhancement tasks on the stored images. The board can receive images from all four camera frame grabbers, and It,
memory can store up to 13 images. An additional 60 to 130 Images (depending on the resolution selected) can be stored on a hard disk

When an operator identifies cogent points on the image or serms of images, the software can give distance, velocity, acceleration, an(

vector information about the test object. By means of a series of enhancement algorithms, the software also enables a user to bring ou
details that are di!llcull to Identify in the onglnal image,

2.3 Fluorescent Screens

The operating concept of the clncradiography system places different requirements on the fluorescent screens than the screens used il
flash radio~aphy, In flas[l systems, the motion is frozen by the short duration of the radiation, so the decay constant of the scrccn i
unimportant. [n the clneradiography system the decay constant can be the limiting constraint on temporal resolution. Hence, screen
used in this application requlrc the shortest possible decay. The color of the fluorescence is also important. The photocathode in th~
camera is significantly more sensitive to green light than it M to blue. Again, this differs from film as the imaging medium because filn
sensitivity tends to increase with decreasing wavelength of the incldcnt light. Several screens have been tried; the results are show]
below in Table 1.

Tiiblt! 1, Scrccns used with system

Scrccn M fgr (’ompositlon Sensitivity

Quanta Ill DuPonl LsOBr Poor
Rarcx G 1()() M(’I ( ;d:(>,s:Tb Poor
C)ptex PFG !vl(’1 ZnC”di:,Ag Best
NDT-9 I)u Ponl (“ilw’o, Poor
Trimax 12 3hl ( ‘o, Gd:O:S:Tb Poor
Trlmax 8 3M (“0, (;dJ)2S:Tb Poor
HI plus Dut_%nt ( “aW’(), Poor
Rarcx FSL-1 M(”1 C~.~:S:Pr Goad
!$odlurn IodIdc Iiarshow Nal Poor
—_

lhc most scnsl(ltc wrccn trlcti so far has b~cn an \lC’1 optex PFt3, which has the same composition il~ a P-20 phosphor, This scrccn
also has an cx[rt.mcl} ~hor[ dcc~} con~tanl. so II IS our scrccn ofcholce at this point in lime,

3. APPLICATIONS

Results have been ohtalrwd In xarlous applications of the system. Several of these are hyb;id applications, where the radiation sourc
used was a Marx generator In three, the camera system was used because a film cassette would no! have survived the event, but th
camera sland-ofl’distance ull{jwrd on Imtigc to be captured.

Example 1. (’amcra Systcm +cccpmncc Test (Figs. 6 and 7)
X-ray generator: 180 kV Marx hank
Screen: FSL- I
Source to screen dlstancc: 50 cm
!k’recrt 10 camera dlstancc’ 2 m
Object to screen dlstancc: ( “ontoct
Radmtmrr pulse Icngth: 30 n~

(’cmcrit gale: lS nk

l.cnsselllngs: f18, M)mm ( 1(,- lbomm fl, tl Icns)
l“cs! obpls: f)ctlnltl[~n g;l!lgcs, lrad Icttcrs



Figure 6.
Figure 7.

Example 2. High Explosive Driven Plate (Figs. 8 and 9)

X-ray generaton 450 kV Marx bank
screen: FSL- 1
Source to screen distance: 3 m
Screen to camera distance: 3 m
Object to scrccn distance: 20 cm
Radiation pulse length: 30 ns
Camera gate: 6 ps
Lens settings: t2, 75mm ( 16-160mm fl.8 lens)
Test objects: 8 Ibs HE (Pi3X 9501) drivin8 0.125’” Al plate

Flgurc N,

X.raY ~ncraior: 150 KV, 56[) mA as dcscrdwd above
Sam-t: PFG
Source to screen distance: 50 cm
screen to camera distance: 1,2 m
Objcct tc screen dlstancc: (’ontact
Rmlia~mn PUISClength: 3 ms
C’umcra gale: 100 Iis
Lens sclltngs: t0,9$ 50mm
TCSI obJccts: Lucilc WP WCC@C.Icud numbers


